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" Baa reaacgflom of fowl ing in n rn ^ S3 effl iim m , n , 

Technical Held 

This invention relates to a method and n™*™*,,.. e • 

reduction of fouling in prcce^Z^TT V ImprovemM » «« and 

-here fluids are "a ^ 

that the hea, exchanger beco^l^^f "TT fl ^. rate «— 
higher removal rate of inorganic aZL ^ « i position rate and a 

fluid or oontain bJZZZ ^££r "* " ~ *«* — « 

Background 

cause other problems of operation pw - v u transfer rates and may 

U.S. per year [!] St ' mated '° fa lhe « d « "«W<» million dollar 

there is a great need for 21- ™° b ™B™ - «U1 a great problem. Therefore, 
orp rc ven^ra te oft^r~.^r r r~ e ~ , ° redTOe 
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periodic cleansing procedures where the heat exchanger is disconnected from the 
process line and flushed with a cleansing liquid. But in this case, the normal 
operation of the process must obviously be stopped with attendant increased 
operating costs. As a result, chemical treatments are often found to expensive and 
labour demanding to be an acceptable solution to the problem with scaling/fouling. 

It has therefore been an increased focus on preventing, and in some cases even 
reversing scale formation by applying an electric and/or magnetic field to the 
flowing water and/or process liquid. It is generally assumed that the cause of this 
effect is that exposing the water/liquid flow to electromagnetic fields may generate 
nuclear clusters in the bulk liquid that act as seed crystals, such that the scale- 
and/or fouling forming compounds are precipitated as solid suspended particles in 
the bulk liquid and then carried along with the bulk stream. An example of such 
technology is disclosed in EP 0720588, where water is subject to radiofrequency 
signals in order to prevent scale formation. It has also been reported that magnetic 
fields may be useful for preventing lime scaling in much the same manner as 
electric fields. An example of such technology is disclosed in US 4 278 549 In WO 
94/02422 it is described a device and method where the water flow is exposed to 
microwave radiation which frequency is tuned to be absorbed by one or several of 
the following ions/compounds of the water: Ca 2+ , C0 3 2 \ HC0 3 ", C0 2 , CaHC0 3 + 
H 2 C0 3 , and H 2 0. It is believed that the electromagnetic radiation causes the ! 
precipitates to be form on a micro-scale in the bulk flow to be carried away instead 
of on the surfaces of the process equipment. 

In the case of scaling, or build up of precipitated CaC0 3 , the effect of such electro- 
magnetic treatment methods is thoroughly discussed by American Petroleum 
Institute [2] and scientists [3-10]. The results obtained from various experiments 
and tests are controversial. Some results show that the magnetic and/or electric 
fields reduce precipitation of calcium carbonate, others do not. However, the way 
the magnetic/electric fields are introduced, and the magnitude of the fields vary 
from experiment to experiment. Consequently, the parameters that describe the 
exposure system also vary from experiment to experiment. In addition no 
quantitative relationship between the parameters that describe the magnetic/electric 
fields and the effect on the fluid flow system has been reported. Therefore, by this 
lack of scientific knowledge, it is almost impossible to fully control of the effect of 
those methods on deposition of calcium carbonate. 

However, theoretical and experimental investigations have been performed to 
understand the mechanisms of fouling and to reduce the rate of fouling in heat 
exchangers. The mechanisms include crystallization fouling, particulate fouling 
biological fouling, chemical reaction fouling, corrosion fouling, and freezing 
fouling. However, it is unlikely that fouling is exclusively due to a single 
mechanism, but in many situations, one mechanism will be dominant. Results from 
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the investigations on the various mechanisms involved in the fouling process have 
revealed that the following three parameters are of greater significance than others 
concerning control of the fouling process: the temperature gradient across the heat 
exchanger surface, the concentration of the foulant, and the flow velocity at the heat 
exchanger surface [1 1,12]. The latter effect is exploited in this invention; 

•Objective off the invention 

The main objective of this invention is to provide a method and apparatus for 
improving/enhancing the flow velocity in process- equipment where a-process liquid 
is flowing m order to reduce/eliminate the problem with fouling. 

Another objective of this invention is to provide a method and apparatus for 
improving/enhancing the flow velocities at the heat transfer surf»c<*« i» W 
exchangers in order to increase the efficiency of the heat exchangers and"at the 
same time reduce/eliminate the problem of fouling. 

Sumasmary off the invention 

The objectives of this invention are obtained by the method and apparatus as 
defined in the appended claims and/or the following description of the invention. 

The present invention is partly based on an effect that was discovered by the present 
inventor, and which formed basis for another invention that is protected by for 
example US 6 334 957 or the corresponding EP 1 021 376. This patent family gives 
a thorough description of the effect, and is therefore included by reference in this 
application. Here, it will only be given a short summary of the effect: 

- When a fluid flows through a pipe, there will be torn loose electric charges at 
the wall of the pipe due to shear forces hi the boundary layer. This will give rise 
to an electric potential (the electric friction potential) at the pipe wall that will 
attract and retain charged particles, ions and dipoles in the fluid, and thus induce 
a friction force that reduces the flow velocity of the liquid in the pipe This 
contribution the flow friction is often referred to as the electric contribution to 
the friction factor. 

.The invention disclosed in US 6 334 957 is based on that this build-up of electric 
charges at the fluid-solid boundary can be counteracted by imposing a DC electric 
potential on the pipe/duct wall that exactly balances the buiJd-up of electrical 
charges on the wall. Then the electromagnetic force that attracted the ions and polar 
molecules will diminish, and the ions and polar molecules may freely follow the 
flowing fluid. In other words, the electrical contribution to the friction factor 
becomes zero, and the average flow velocity of the fluid will consequently increase 
especially at the liquid-solid boundary (at the wall). US 6 334 957 discloses a 
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regulation method that ensures that the imposed DC potential exactly opposes the 
electric faction potential at all times and an apparatus for performing the method. 

The present invention is based on the discovery that the elimination of the electric 
faction factor for iquids flowing in pipes, heat exchangers, reactors and all other 
forms of industrial process equipment, is also a convenient and effective mean for 
preventing and in some cases even revert already formed fouling and scaling That 
is, by enhancing the flow velocities at the surfaces of heat exchangers and other 
process equipment where fluids are flowing, one will reduce the deposition rate of 
precipitates thus reduce/prevent formation of scales, fouling, and any other types of 
so id deposits on the walls of the heat exchanger/process equipment. This is 
beheved to be due to that the enhanced flow velocity at the solid-liquid boundary 

WaU) ^ — ^ — ^ "2- P«s in 

■^t r 6ffeCt ° f the m ° deSt " creases °f <■» ^w velocities that are 
be ng obtained by removing the electric contribution to the flow friction factor is 
able to give an effective reduction of the deposition rate of precipitates such that the 
invention becomes an efficient tool for handling the problem of scaling/fouling in 
heat exchangers and other process equipment. Not to say that these modest velocity 
increases usually m the order of 1-1 0%, are also able to increases the shearing 
action at the deposit-fluid interface sufficiently to remove already formed deposits. 
This surprising finding gives a substantial benefit over prior art methods which 
exploit electromagnetic fields/potentials to prevent fouling/scaling, since the prior 
methods are focused on that the electromagnetic fields/potentials must be 
sufficiently strong and act on the bulk liquid in order to enhance the nuclear 
clustering and precipitation of the scale and/or foulant forming compounds in the 
process .liquid such that the precipitates will be carried away with the Zk flow But 

1 "v^' ineVitaWy alt6r Ch6miCaI COnditi °- * *• ~ fluTd 

"iTIl™: T m0te ° f li£ * uid —Pounds or electrically Luce one or 

Ted ^th reaCti ° nS * *" Pr ° CeSS fluids ' ^ *• Prior art should be 

used with care m process industry in order not to induce detrimental side effects in 
the process Another unwanted side-effect of these prior art methods is that the 
employed electromagnetic fields/potentials are almost certain to be of a different 
magnitude than the electric friction potential, such that the imposed potential wi 1 
almost certain create a new electric friction potential that may very well be larger 

whTJ fir TT' mg ***** P ° tentiaL ^ WiU then sl ™ *e flow velocity 
which enhances the deposition rate of precipitates. This may be one explanation of 
why many prior art methods are encumbered with instability. 

£ the present invention, the imposed electric potential shall exactly counter-balance 
the natural occurring electric friction potential of the flow. Thus these potentials 
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en,.ilihri,™, i •■ P™«ss fluid, including alterations of chemical 

re^Z tk 8 C0 , mP0UBdS - CTea,in S radicals, induce unwanted chemical 

. according to the invention ^t^^^^^K £ T 

processes, no matter which process liquid mat flows through the process equipment. 
Another benefit over prior art is that th* * t 

such «h at me method L^"^t^r^"X"^^tr^ 

no chemical - JTL^'^'S^ maf " ^ 
detrimental effects on me process and/or ^vir^uem " 

In the case of process liquids containing chemically active components there will 
..normally be another natarally occurring potential mat must be taken imo ~L 
When a metal (e.g. heat transfer surface, is immersed in a solu^flu^T 

te.g. a standard calomel referen re r^i i opd\ ^ - « ACiLoe ceu 

caused by the attractive forces be«veen e.ecrrica. charge, on 2 sul« at L 
counter-ions or/and dipole molecules in the fluid ntl T t - i 

The invention is related to all kinds of heat exchangers rttm i^l.j- 

HE nlate and fi™. tlic .™ <=xcnangers (Hi), including air-cooled 

p,a e and frame HE, compact HE, shell and tube HE, double-pipe HE snir,, 
HE shell-and tube condensers, air-cooled condensers, plate and comp ^' ' 
condensers, direct contact condensers, cooling towers, Lam gen^ boilers 

S ana wnere scalmg/foulmg may pose a problem are included. 
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Thus is summary; the inventive idea is to employ a DC electric potential that 
exactly counteracts the combined build-up of an electric potential due to the friction 
from the flowing fluid and the corrosion potential. Thus the electrical potential 
across the boundary layer (at the liquid-wall interface) is reduced to zero such that 
5 the electric contribution to the fluid flow friction at the surface is reduced to zero, 
and consequently, a maximum increase in the flow rate near the surface will be 
achieved, which again leads to a reduction/elimination of the deposition rate of 
suspended precipitates. The naturally occurring potentials at the liquid-solid 
interface will be less than ±5 V, but typically less than ±2.5 V, and often in the 
1 0 order of ±1 . OV or less. 

In order to put the inventive idea into practice, the inventive method may be 
implemented in a device comprising a control unit which ensures that the imposed 
DC-potential exactly counters the naturally occurring potential at the liquis-solid 
boundary. The control unit comprises three parts: a measuring/calculator unit, an 
15 electrical DC-potential generator, and a regulator. These components are of 

conventional nature and need no. further description. A similar system is thoroughly 
described in US 6 334 957 or the corresponding EP 1 021 376. The regulation unit 
calculates the magnitude of the imposed DC-potential due to information of 
measured fluid properties upstream of the part of the pipe/duct that is exposed to the 
DC field, and where that the measured fluid properties may be one or more of the 
properties contained in the group comprising average flow velocity, corrosion 
potential, pH, concentration of specific ions contained in the fluid, electrical 
conductivity, pressure, and temperature. 

Detailed description of the invention 

25 The invention will now be described in more detail under reference to a preferred 
embodiment of the invention. 

A preferred embodiment of the invention, when implemented on a shell and tube 
heat exchanger of is shown schematically in Figure 1 . The arrows indicate the flow 
directions. The invention 1 is connected to the heat exchanger 2 by two or more 

30 connectors of conventional type (not shown in the Figure). One connector is 
connected to a ring 4 in the inlet for the cooling/heating medium 3 which is 
electrically insulated from the rest of the system. One connector is connected to a 
ring 7 in the inlet for the process fluid 6 which is also electrically insulated from the 
rest of the system. A third connector is connected to the heat exchanger itself at the 

35 point marked 9. If the invention is used for flow improvement of the process fluid, 
the connecting point 9 will be at the outlet for the process fluid 5. For the 
improvement of the cooling/heating medium flow, the connecting point 9 will be at 
outlet 8. For the flow improvement of the cooling/heating medium, ring 4 is used, 
and for the process fluid, ring 7 is used. 
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. When the invention is switch into measuring/caioulator mode, the set point for the 
regulator is determined, as described in the following: 

The estimation of the set point is based on capacitance measurements. The 
capacitance is measured between the ring 4, or 7, and the heat exchanger 9 itself by 
the alternating current method, as a function of the applied DC-potentX Its 7 

Znt V r t T S f ? endS ^ C — d » 9 "* 4 ' « 7 > -P-tively- Thf 
potenfcal at which the capacitance shows a minimum value, corresponds to the un 
electrified condition of the heat exchanger, and is the parti ular DC^en^Z 

!i T n ^ T Derat0r ^ th£ P ° tentiaI betWeea 4 ' - 7 > «*9. and is 
controlled by the regulator. 

Verification of the invention 

In order to verify the ability of the invention to reduce deposition of precipitates a 
con«d solution of calcium carbonate and barium sulphate in flowing ^atTwere 

furft TtT 'T^ 8 Perf ° rmed t0 inVeStigate *• d «~> ~~£ m 
surface. The calcium carbonate and barium sulphate is dispersed (colloid stT Z 
the flowmg fluid passing the titanium plate. J 

EXPERIMENTAL . 
Solutions 

0 M0«tr n nr? C °!'f, d S f" im " tCalCiam °* bm #° » d b °*™ ^te : , 1 of 
Na,C0 3 is added. Fmally, 25 ml of 0.01 M Na : SO. is addod. In this way a ooUoid 
solution o calctum carbonate and barium sulphate is obtained. For feel solution 

™:ZZ m ZT' ^r^' — Pi*— « differen 
wavelengths g.ve the stze calc.um carbonate and barium sulphate partioles equal to 

nm^Furfter growth of me size leads to the transformation of me colloid into 
suspension and me precipitation of calcium carbonate and barium sulpha«7s 
observed. Then the colloid solution is repUced by newly preptZ^t 

£Z! eX ? erimen,S carried «* at 3 8°C, the growth of the size of the particle . 
..andtbe precaution was much faster. Therefore, every day a new solutionis ten 

During the measurements, the content of calcium and barium was compiled bv 
atomic absorption spectroscopy. oontroiieo oy 

Flow system 

Schematic representation of liquid flow system is presented in Fitt 2 The tub. ,'. ■ 

£ Z fltf TT "° ^ ^e per' LtVum; 

(P). The flow voloctty « controlled by me heigh. (H), while the temperature Tof 
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liquid is controlled by a thermo reservoir 2. This reservoir also serves for avoiding 
the periodic pressure changes which arise during the work of the peristaltic pump 
and which can influence the frequency of quartz crystal oscillation. 

Electrodes and Instrumentation 

The 5 MHz AT-cut 15 mm diameter and 0.3 mm thick quartz crystals were used. 
Both sides of crystals were coated with titanium by cathodic sputtering. The 
decrease in frequency change is linearly related with an increase of electrode mass. 
The fundamental frequency of quartz crystal (5 MHz) and the geometric area of a 
circular titanium region in the centre of the crystal (0.2 cm" 2 ) give the EQCM mass 
sensitivity equal to 25° 10" 9 g Hz" 1 cm' 2 = 25 ng Hz 1 cm" 2 . These coated working 
quartz crystals (QCM1, QCM2 and QCM3, see Figs. 3 and 4) were glued into 
cylindrical holders, which were affixed to the tube in three different ways, see Fig. 
3. One side of the crystals were exposed to the solution in the tube and served as 
working electrodes (QCM1, QCM2 and QCM3, see Figs. 3 and 4). Another side of 
15 these crystals faced the air. 

The working quartz electrodes were inserted into three separately controlled 
oscillators - QCM drivers (Fig. 4) configuration of which allows the working 
electrodes to be grounded. Home-made voltammetric and frequency measurement 
system was used (Fig. 4). In this system, a high precision frequency counter 
20 performs a measurement with accuracy in 0. 1-0.2 Hz for about 5 MHz frequency in 
3 ms. 

During the measurements, the same potential was applied simultaneously to all 
three electrodes and the changes of the frequency of these quartz supported 
electrodes with time were separately recorded for 600 s. Then the same experiment 
25 was repeated for another potential. In such a way, the potential range from 1 V to -I 
V vs. the standard hydrogen electrode (from 0.8 V to -1 .2 V vs. the silver/silver 
chloride/saturated KC1 electrode) with 0.1 V increments was investigated. ' 



Results 

1. Measurements in colloid solution at flow rate 3 B/mrin (Re=1300) and rooi 
temperature (22°C) 

The results of these measurements are depicted in Figs. 5-9. 

Low rates observed in fresh colloid solution at the most positive potentials (Fig. 5) 
can be explained by very small size of the particles (less than 50 nm). During the 
measurements they were growing (growing was followed by the light scattering 
technique). That could be the reason for the rate growth when the potential is 
changed in negative direction but still remains in positive region. When the 
experiments were repeated next day and on the third day in the same solution, in 
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positive region the potential influence on the mass deposition rate is smaller (Figs. 8 
Hud 

In the negative potential region, the clear potential influence is observed - mass 
deposition rate is noticeably decreased (Figs. 5, 8 and 9) 

Fig. 8 - the same solution and the same conditions of the measurements as given in 
Fig.5 but the. measurements were performed the next day after the experiments, the 
results of which are presented in Fig 7. The size .of particles is approximately 100 
nm and still growing, though much slower. The data presented in Fig. 8 show the 
influence of the potential (growth effects are small). Fig. 9 - solution turned to be 
more opalescent, the size of particles is larger than 100 nm and solution turned to be 
more opalescent (white colour of the solution is visually observed) 

The rates of mass deposition onto these electrodes were very small and similar for 
the first two days (Figs. 6 and 7). The measurements, repeated on the third day (the 
data for bottom electrode are presented in Fig. 9) revealed some similarity tothe 
behaviour of bottom electrode, though the absolute values of the rates are 
noticeably smaller. 

2. Measurements to colloid sototton at increased flow rate 4 Vmm (Re=1700) 
amd room temmperatmre (22°C) 

The results of these measurements are depicted in Figs. 10-12. 

Decrease in deposition rates, observed at higher flow rates (Figs. 10 and 1 1) may 
be related with "washing" of particles from the electrode surface; 

f 3 °00 1 *** 2 J*! CSrried ° Ut at laminar fl ° W (the Re y nolds -» 

1300 and 1700, respectively). At laminar flow, the friction factor decreases with 

increasing Reynolds number. The decrease in deposition rates, observed at higher 
flow rates (Figs. 9 and 1 0), may be related with lower friction factor. 
Conclusion 

The results show that the deposition rate of calcium carbonate and barium sulphate 
on an electroae surface depends on the applied electrical DC-potential within the 
range of 0.8 - 1.0 V (Ag/AgCl 2 reference electrode). Within certain ranges a 
decrease m the deposition rate is observed, while an increase is observed in other 
ranges. 

The results show that the deposition rate decreases with higher flow rates, which 
indicates that the effect, maybe, is related with lower friction factor. 
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i A me ^ od /« Cueing fouling and/or scaling in process equipment containing 
flowing fhnds, by imposing a direct current (DC) electric potential on 2 w* of 
tne p^e/cmct m order to remove the electric contribution to the friction fLTor 

7^ r° Sed DC / leCtriC POtentkl iS rCgUJated b * * regulating uni^lTch is 
fed with information of measured fluid properties 

reLUted^^!'/- ^ the im P 0Sed D C electric potential is constantly 

regulated such that the imposed DC-potential has the exact same strength but w*h 
opposed polarity as the naturally occurring potential due to build-up ofelec^T 
charges on the wall from the interaction between the flowing fluid L waU 

2. A method according to claim 1, 

measured^™ ' t ,ta ' the ^ Ul ^uni, iS fedwi U , itt f„ nnationof 

DC rZ Z «ST UPStream ° f ,hC Pan ° f * e pij,e/du< * *« is exposed to the 
fleW ' 30,1 ttat the ^asured fluid properties may be one or more of the > 

p P o:S ! oH nHined " ^ *"» C ° mprfSil,S ~» flow veio", "co^on 
con^f" COnCentra,10 J '' ° f *>~ ifi ° -"ained in the fluid, eiectrical 
conductivity, pressure, and temperature. 

3. A method according to claim 1 or 2 

20 -SOvZL*'**^ in thatthei > C Metric potential is in the range of -5 0 to 
■ 5.0 V (saturated calomel electrode, SCE). 

4. A method according to claims 1-3, 

char a c t e r i s e d in that the DC electric potential is in the range of -2 5 to 
+2.5 V (saturated calomel electrode, SCE). ' range or 2.5 to 

5. A method according to claims 1-3 

6. A method according to claims 1-5 

n^tre or .vera, fluid,, in sing.e or -^."^^lETr,; 

7. A method according to claim 1-6 

itVooo'ooo: 15 "' " iave Reynolds numbera in the range 
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8. An apparatus for performing the method given in claims 1-7 
characterised in that a DC electric potential generator is connected 
with one polarity to an electrically insulated part of the pipe/duct wall and the other 
polarity to the part of the pipe that is downstream of the insulated part, and that the 
DC electric generator is controlled by a regulating unit which is fed with 
measurements of the fluid properties upstream of the part that is exposed to the DC 
electric potential. 

9. An apparatus according to claim 8, 

characterised in that the regulating unit is fed with one ore more of the 
fluid properties contained in the group comprising average flow velocity, corrosion 
potential, pH, concentration of specific ions contained in the fluid, electrical 
conductivity, pressure, and temperature. 



10. A method for reducing fouling and/or scaling in process equipment containing 
flowing fluids, substantially as hereinbefore described by way of example with 
reference to the accompanying drawings. 

1 1 . An apparatus for performing the method of any one of claims 1 to 7 and 10, 
substantially as hereinbefore described by way of example with reference to and as 
shown in Figures 1 to 4 of the accompanying drawings 
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ABSTRACT 

This invention relates to a method and apparatus for 
improvement of flow rates and reduction of fouling in 
process equipment such as for instance heat exchangers 
where fluids are flowing in single or multiphase. This is 
obtained by imposing a DC-potential at the walls of the 
process equipment that exactly opposes the naturally 
occurring potential due to interaction between the walls 
of the process equipment and the fluid flowing inside. 
An improved flow rate will cause that the heat 
exchanger becomes more efficient, i.e. a lower 
deposition rate and a higher removal rate of inorganic 
agents. The fluid may be a pure fluid, colloidal fluid or 
contain inclusions in the form of particles. 
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Figure 1 
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fnr^ft eniatiCr K PreSentati0n ° f ^ fl ° W SyStem - ^Positions of electrodes 
<^CMl~3j on a tube are shown in Fig. 3. 
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Fig. 3. The dimensions of the tube and the positions electrodes- working 
electrodes QCM1, QCM2 and QCM3, reference electrode and counter 
electrode (stainless steel), 
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Fig. 4. Block-diagram of EQCM system 
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FJow rate 3 f/rr.fin 
Temperature 22°C 
Bottom efieetrode 
1 - fresh colloid 





-1500 -1000 . .500 0 . 500 
E . mV va Ag/Agei/KCfl(sat) 



1000 



Fig. 5 The dependence of the mass deposition rate on the 
potential (bottom electrode) in the fresh solution - calcium 
carbonate and barium sulphate colloid solution was prepared just 
before starting, measurements (the particles are very small - less 
than 50 nm, the solution looks clear and transparent) 
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Flow rate 3 l/min 
Temperature 22°C 
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-1000 



-500 




E, mV vs. Ag/AgCI/KCO(sat) 
Fig. 6 The dependence of the mass deposition rate on the potential 
(top electrode) in the fresh solution - calcium carbonate Id 
banum sulphate colloid solution was prepared just before starting 
measurements. 
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Flow rate 3 l/min 
Temperature 22°C 
Side electrode 




E, mvv& Ag/Agamci(sat) 
Fig. 7 The dependence of the mass deposition rate on the potential 
(side electrode) in the fresh solution - calcium carbonate and . 
;barhim sulphate colloid solution was prepared just before starting 
measurements. »; 
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Fig. 8 The dependence of the mass deposition rate on the potential 
(bottom electrode) the second day after the calcium carbonate and 
banum sulphate colloid solution was prepared. 
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Fig. 9 The dependence of the mass deposition rate on the potential 
(bottom electrode) the third day after the calcium carbonate and 
barium sulphate colloid solution was prepared. 
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Fig. 10 The dependence of the mass deposition rate on the 
potential (bottom electrode) the third day after the calcium 
carbonate and barium sulphate colloid solution was prepared 
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Fig. 1 1 The dependence of the mass deposition rate on the 
potential (top electrode) the third day after the calcium carbonate 
and baxmm sulphate colloid solution was prepared 
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Fig. 12 The dependence of the mass deposition rate on the 
potential (side electrode) the third day after the calcium carbonate 
and barium sulphate colloid solution was prepared. 
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